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(54) ECHO CANCELER DEVICE 

(57) Abstract 

PROBLEM TO BE SOLVED: To further improve echo 
elimination characteristics v^out depending on the 
quality of a background noise by detecting a boundary 
tap position between a tap coefficient which is strongly 
influenced by a background noise component and a tap 
coefficient which is weakly influenced by the background 
noise component, switching a step gain before and after 
the boundary tap position and updating the tap 
coefficient of an adaptive filter. 

SOLUTION: An adaptive filter 10 forms a pseudo echo 
signal Y' (n)» orf the basis of a sample group of a 
receive Signal X (n) fi^om an A/D converter 2 and 
eliminates an echo component contained in a signal Y (n) 
butputted from an A/D converter 6 in an echo 
compensation adder 7. A noise canceler 19 estimates a 
background noise and executes a component elimination 
by a frequency subtraction method or the like. An 
updating residual difference selector 20 judges the 
amount of the background noise component and the 
boundary and makes a value of a step gain execute a 
selective generation of either big or small. The 
adaptive filter 10 optimally updates the tap coefficient 



without being influenced by 
noise component, 
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n T V > 5 X 3 - ^ s ^ ^ -r a X 3 - + v > -fe 7 s 1 1 
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^§ * 'J^ * < 5 T-fgja fc cDig^^' -y r 
1 xtiasiftffl-rsMtKS^ <y ym^&m^^ 

^^T. ±saigii57-<;i/i'©^'>yX^acDSift:fflv^Sx 
X -y xy -f > i W t) S Xt^ xy -r >ft^*S i: * 
^ f S d ?: 15 jSS i: r 5 X 3 - + ^ > -fe 7 S 1 o 

imm 6 ] ±i3]Bi§Ki^ <y ym^&E^^^^ 
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® / W -ff a 3 7 -f X>'t 9 -stSEgP i: > 
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T^-yXy-f Vife^^KAs. ±l3iai57^;i/^®^'-yX{S 
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S iiT V^ a X 3 -fiE^S: f^5fe"r 5 :3 -^^^ -V > -b 7 
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[0 0 0 2] 
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[ 0 0 0 3 ] E 2 C J3^^T. ^mm^Xtl^'F- 1 0 0 
(WT. A/D^^Shli**) 1 0 lizXtl^tl. 

^(i^X(n)tt> x3-*-\'>-b7 1 0 9»cA:'j$ns 
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l^tli, x3-E)«lfe(i*<. ^M»§N, 
g|SSI|®fi£^*5Sg^^*l,TV^ao C®»^A5, A/D 
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= 2 (ej+Nj) • Xj(D) 
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m'm) ^iom^txa*). ^of^m. (6) ^cj* 
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An(iD)=2 (ej+Nj) • Xj(m) 
= 2 e j • Xj(ni) 
Z<D (8) ^*»?>. ADSEill 0 6*>f,iB:t($nfex3- 
^IIEj*ffll^T^";/r{Sa*SlfLT*, SSf$Mit3 
S-rc:i:tJ;»), «l«0x3-aMej{c:]t&l;fci'>y 

[0 0 2 0] 

(«Bg*s#i*U<tdi:1-5liS] ±ML*:J:dlc. t¥3t5 
(7) 35;Sg|fcT®^(c{i. m^ii. 
a, 
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(0 0 2 2] fiaixli. S^xrj-:^i.>-b7^SASiaffl 

l^^^H-^Sfi!l$x>i;>ifAs^^)^ St. S^xzi-i^ 

hSi&A^a?)'), s^xrj-+v>-b7^it*<iaffl^n 
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[00 16] (2) sc- (4) atiii^a^sg^ 
Snl±. (1) iC©-9->7';u«t:^<bt-5J®^i:P'&:o 
T, 7U-ASt:^{b-rs*®T-*5. St, (3) 
tJjJta^SlStt, j!!)SnJ+l~ (n+1) Jt:o^^ 
TT-fcD, (4) itt:i3Wa«»J®^«2*.x j tfnJ 
+ 1~ (n+ 1) Jt:oi>TT-S»), (4) icntjita 
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• (3) 
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... (5) 
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- (7) 
... (8) 
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[0 0 2 3] x3-:<^t ^-fe^C^glcy-f 

>''fX:^-\'>-b7A»f>©Ul:/jfi^Sx3-^ 

•So c®«^icii, ^"yr«ssftcfflv>e.n.5x3-jaM 

^(DtzHb. M.^^^iy^ (7) ^*)SSJgL*^^^h 
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[0 0 2 4] -e®ttt>, ^^ai§J5E:»®t4M»C<t?)r. 
igiJS7-<Vl/^'®^5'r^J$?:igWlCjE8fT-tT, x3- 
l^i 15 <4 4 -e t ^ » S c: i: ;!)«T- ^ 5 X 3 - -f > -b 7 

[0 0 2 5] 

[^S4»P*t-5tS!)®*g] *>fi>5^®*«»-r3fe 
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ffl a X 5" 7*y -f > $ w a X X «y -f 

[0 0 2 6] St. M2®*«Wtt, iiilB7'f;i'i5'A5« 

^'>® KPi* ttsia* tB:'j r 5 ^ssi tfi£^fi«ia{* 

St, (2) ^^^^fiE^fflf^'J^CSPiCioT. JiJ*i 
W D i> ;^ X 7"^ -f >*^^ e h 5: * t S C i: * 1$ 
[0 0 2 7] ^h^. ^3®*^W{i, ®ft;7-f;i/^tf 

x3-+v>-fe7ggk:l5V>T, ( 1 ) W^aiif^^ffl 

/h^ < gltS^ T'^tatffliK^^ >;'7-{5g* 1 XliS 
»«lffi-rSiai^^^^>^7-^^(5§*^*fSi:, (2) 

pft#fiE^s«iai c i o T «iai ^ nfc^^js#fi2^ 

®MSfJcfflv^S;^x-y7'y'f >*^?)^x2);<7^-y 7"^^ 

[0 0 2 8] i->^n©*%?B-fe. ^s^gfig^fflsat: 
ig*c>"7'f ;u^®^f 7'^?a®ll9rfcfflv^a;^7^ 

'y7*'!;''f >S:W•3^x.5<fc7^cLT^^S®T^ 

fiit^ffltiKtc r tcj8ji57 -f ® ^ r^sct jaw 

[0 0 2 91 

(A) ^l®SIJSJf^!S 

JUT, *^MlciSxn-+i'>-b7^M®^ l®^li£ 

[0 0 3 0] CCT-, 016«c:omi®IIJSffJS®xD 
-^-^^ >-b v^S®^i*;filfiE?:^^1":^o f i^Bf^-S. 

ttSi®ffi^rtStCfc;DTM4LtV^5o 
[0 0 3 1] 01t:fc'V>T. ^ l®^iyfJSg®x3-^ 
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[0 0 3 2] xn-^r-v>-fe^ 2 xrj-jTt)iHb 
ffliDStST. j8i*£;7-<;i/^' 1 0. y-fX^w-tt^Si 

SCSI?, j^x-yT-y-f >^4g§i ssvssfasss? 
S2 o*«LT^^5o i(if57-<;i'^ 1 ott, ^aui^'x 

^ 1 K SStSif 1 2. %t^U-y7.ir 1 3SViS«ffl/)0 

[0 0 3 3] A/D^lftS2(i, S^ig^^lS^UTA 
:/j?nt?tlp)-rSl?B*?)®§fflfi^?:7'-< i^^';!'!^ 
x(n)nS!»T4'&®T-fc!)x c:®7''f •>"^;p§mfi^ 

X(n)*x3-:i|rV>-fe7 2 1 SVD/A?£{ft^3 JCHi 
[0 0 3 4] D/A^SiS3(i. i^^-^l/SSffi^X 
5t®T-feSo 

[0 03 5] Xbr-*4li, D/A^mS3 3!p?.®Sfl 

®R§igB5 (1.3-/^7.) SJgTxin-YkJSc^TV'f 
[0 0 3 6] v-f^-n^vSii, iXiS#^ 

* > 5 t fijji L t if MiS^ N -?'x :j - Y ^ tr*) gl/m 
M^ft-f S*)®T-fe.5. '5:*5, CO^ l®^lifl5^®® 

:^^ixfci:^/cttt:ii*&7-r;i'^ 1 0®^ f T-^St 

[0 0 3 7] A/D^BS;}S6(i, v-f i'O*^ 5<pf>® 
fi^4x-f v^';i'^^Y(n)tC^»L-Cx3-:^-\'>-lr 
7 2 1 t:^x.5t)®T-$>5o 

[0 0 3 8] in-df-l'>-tr72 Itt, A/D^j$S6 

* 6 tb n t f 1 ^ Y ( n ) IC ^ S V ^ a X n - fig ^ t 
?*(5LfcS«x3-fi^Y' (n)«:f^figLT. A/D^ 
)ftg§6 A»^tB:^J^^^fc(i^Y(n)^cg$i^Tl^SxzI- 
JS^*l^4"f •5-fo®T-$>S. C®^i^®^^e 1 (n) 

[0 0 3 9] y^CX^+y-b? 1 9tt, x3-^-\'>-b 

fflT-$>S. 7-f X+-\'>-b7 1 gtiS^^^^fiX^J® 

3>^, mm^mniim. ii^7-f;i/^'?£;feir®^g^ 
if 4 u -c ^^[^ ^ t s ^ ^T- n« t:® <t o 
;5^£t•feoT*S^^. c®^ l®llfflBSIl±, v-rx^^ 
^>-b7l 9CJ:S^|g«l#fiE^®l^ife:§ai(*i^tt^^ 
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^-9- > 7';b i: 1 4 SSl -r S 4) ® T- S , 

iifS7^;u^' 1 otiiits^inffllra^si 4li. s^gc 

3 -fl % L fflJra^S 7 1 ib :'3 f 5 * «T- 5 o 
[0 0 4 41 i3-n-^>SLffllniit887(i. A/D^tfe 
S6 A»e>a3:^*nfefi^Y(n)!!P?>, ^«lffllniitS14 

[0 0 4 5] iai£7^;u^ 1 0SVx3-fT*,}3Lffl/lD 

Np(j) = a 1 • Np(j-1)+AB 

9) 

ccr-. {^!SSCa JJ±spm^0JK&l'^^S1-^^»T■*^). ii 
SO<a 1< ltO«SHT-ffi.iitcja«??tl5o 0i|xli^ a 
1=0. 5h-rs. ^*fst:. 0. 5Wi1.T-*-3T-ba 
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[0 0 4 9] y-f XyW-ltl¥l§ 1 5J±. Ja7U-AC 

S(iNp{J)47'<' X>'^9-mffli:L. a7U-A{C* 
lt5 7-^X.'W-MSNp{J)^^»S«)e)^^T^^SM 

fihltgfL. 7^'X>'^'7-igffiNp(J)J:?)'h^t^i:§ 

>''i'x>'<'7-wfaNp(j)*x7^<y7'y-f >«jf)§ 

ah l(i)=ABS (Hdn)) 

a V a h 1 (iii)= <y • a h 1 (i) + 
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avah IfflfilSSfflavah l(0)liOT-fe 
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«, 0. 5?£iifflt-§5 (0. 5»CPBS^fn5*»®ttt 
^^^^) « St. (11) iCCftxT. ^iH!a«m®|g?t 
filah l(0)~ah l(in)®#*(6¥^lfSf^*®fflr5i 

[0 0 5 3] ::®.tot:LTffJf)nfcfi^«iem¥i&iB 
a V a h 1 (iii)J±. ^ «y X^»®ffi?t<iffl^®!6: 



[0 0 5 0] ^ttJs (9) iC(c<toTy'fX/<9- 
Np?£f#5®-CJ±*£<. xn-frt.jHLfflJ!]ng[S7fflfii 
liW^^e l(n)®l6jfcrfa®7U-A[^T-fflili|>fi¥^CJ; 
-^•r. 7-f X>'<9-fffflNp$:{#Sio(CLT-bmv^. 

[0 0 5 1 ] mm^'mn^^ 7ci±. m.\yV7.9 
1 in^}#^rnTv^si''y7'c^»*5-¥xf.n5, «gti*e 

WfilfgEiSl 7li. >''rX>'<9-ifS[Sl 5 A>f)®tll:>3 
Np(J)4X7^-yry^'>«It)^x.WSgl 6t:4^x.e> 
l^T^^a^:^!c. (10) S^-y7'^ 
aH(iD) (mlil~ir-feoT^'-yXJi#S:g-r ; Ili^' 
>yrSl) ©feMliah l(ni)4>1?«). -efflS. (11) 
tX.K<ti^o^. §^'5/7't-3V^TfflteJtfi4mflT^ 
fflV^t¥ft(Bavah 1 (m)*H-^-r5o 
[0 0 5 2] 

- (10) 

(1 -<S) • avah Km-l) 

•••(11) 

'Sfh t It 4 K 0 f^l,> tl^tt t -5, 

[0 0 5 4] S3li. C®Ci:$ISiWt5t«)®®^i6 
ftj@-C-*.5o 03 (a) Ic^tiotlSlib-rimSg® 
^•yXff.»H(m)A«^{bLti:§. ^ffllg^ttfifia h 1 (m) 

( = ABS (Hdn)) ) l±. 03 (b) Ic^^xf J; 9 IC^ 
ftU. m- lSg*T-®^'-yXt:«SSig^^fSahl(l) 
~ah.l (iii-l)**Jffl^nt-e®¥ii(iavah Km) 
li. 03 (c) icrxf-tot. ^ <y 7^a0tfi?tli®^ 
a* ^ft t It A^flSl !) I^ipn t ® h a S . 



- 6 - 



il^Pl^l 1-4 2 



[00 5 5] 7,f'yy^'{>V}'}^^^&si entt. 

nmvmni^m avahl(0)~avahl( I 

[0 0 5 6] ;^x>yry-r>WD§^««?8i 6»±. 7 

MS®^ <y rjcjlt LTS 1 -y T'^'f > a 1 

M+ IS)!)*?) IS©^>y7'»C«UT^20;^x>vr 

avah 1 (0)~avah l(I)tcS-:3V\-cy5S^Sti© 
Np(J)+e<avah Kb) 

y'fx>'t7-t«aNp(j)t:^«)$«)e>nfe;t 

a ® * i» ± f .a fc » T- fe 3 . 
[0 0 5 9] ^>yx^^a®Hff^cffl^^ixx<yry'f > 

2KPg't-«!3©xSJ;?tcu-rv^S®<iWToaB6 
IZJ;5, ilffi^SiJ®'t>->X>HBiJ»C?Jjt6UTV>*eS{ll® 
l~M#i®^>yX«^a(i, >''rX>'t7-ft«Np(J) 
J: ») t ®*i * ^ottH * ^ t a fc ^«#ffl 

>Xyi/{||®M+ l~I#@®^fX^atty'rXy^7- 
^*aNp(J)o^S*^;*:§^^^:». 7s=Tvyf^y^>\^ 

[0 0 6 0] eaj^li. l~MSg®^<yX«^ak:?*UT 
tt;^r'yXy-l'>alS0. 7i:b> M+1--I#g® 
i'yXijg»t:*fU-rtt7T<yXy^'>a2 40. 125 
tta. ^ i;SlJ'^2®7r'yXy-<>a lSVa2® 
MitW^cfaii. 0 3!p?) l®liSffi®iaf *ti«cixt:lES 
$*xS*.®-C(i'a:,VN.^fibx ^l®Xx>yXy'f >a 1 
S:^2®;^7^v/7'V'f >o2<fcO;«c§<3S-rs, 

[00 6 1] Xt^ y Xy-f i/^^gl 1 8 iCii. XT' >y X 
y-f >W!)§^*>)^S1 6*s!|3JSUfe;^x>yX'y'f 
lj!J!)^x5^^^5'<yXJi#tSI8MiS4xe>n.5. 

HiB(n+l) = HB(n)+a • Xndi) • 
fiUx l^nigMOi:§ 

M+ lgmSlOi:# 

HiD(n+l) = Hm(n) 
+ a2 • XiD(n-d) • e 3(n)/ 

) 

SllfSlljilRgS2 0(cli. x^i^i'^l'gffil^Xdi). 
y-fX+'Vy-b^ 1 9oai*fi#e 2(nK SZ/x /"-f 
X=^rV>-tr7 1 9'N®A:*7l^e 1 (d)AJA:^?JxTV^ 

So 

[0 0 6 6] ssfSMa«?ss2oi±. cnt>«§{cs^ 

V^T. x3-fig^®K»4tt«-?>»»ai|fj^^®fi«J4tt«i 



[00 5 7] Xr-yXy-rvWO^xJlslSSl 6tt. 
«:fl«)»Cli, ^"yXJSS>'<7;<-^'m?:I<i»e> 1 
TS:fb$*'a:A5f>. (1 2) ^t^^^iotCv {^ISIfe^t 
ffl^T&Sitiemavah l(m)i:, >''rXy<7-{SSN 
p(J)t:iF«)^«)6ixfe3r7-fe<y h £$in;it{li:*;*c 
'hifcgtb, ^aife?*(t¥Tt»^iBmavahl(B)*5. 
y-f X>i7-t»fflNp(J)k:^«)S»e)afe2r7-b'y h 
£*linxfcjtJ:?)g«Jlc::^t<;i&:ofcm ( = M) 4«iai 

[0058] 

•••(12) 

$flt:x:3-SM®ft^e 3(n))!)S4xf>na. 

[0 0 6 2] Xx'yX^;''f>l6^Sl 8tt, ^'•yX«R« 
®SiffffiJ52*rt«LX:fct), «!l!ii"yX|g«tiS«M4«|g 
^•r^)^'>yXli#{cSr3l^Tx l~M®^'<yX®^'>yX 
«6aMSf ffl®X X >y xy-f > a t L T g 1 ® X X -y xy 
-f >a IS^^fStftJC. M-H~I®^'-yX®i'>y 
X^»2»fffl®;^r >y xy-r > a t bT^ 2 ®Xr >y X 
'y-1'>a2*%^bT> ^--yX^iacMSr*. 

(13) ^t^^-rJ:9'&:^i»ffl^§^^SII*ffli-^Tff 

(0 0 6 3])£tt>\ (1 3) ^Aiigffl?*tSJ®^tt. M 

ifSiijS}RgS2 0i{)Sy''rx^-\' v-b7"i.a'N®A*fi^ 

e l(n)=£SlRb-ri,>51i^T-$)0, ^i$fS<fc3tC. 

(1 4) ^iJjgffl^nSS^tfeS. (14)Stt, y 
-fX^r-VV-fev 1 4®ai;'3«^e 2(D)*iJ'-yXfig»® 
S»fJC*lffltS®^T-*»), >''fX+-\'>-b7 1 9T-® 
fflaiiJid<&#Jtb. ^•yXff.a®M«f»cffll^5«^H 
T-K^ W±-C-®-a5: iifS bT 5 * ® T- So 

[0 0 6 4] (1 3) ^Xli (1 4) ^iCiJl^T. Hb 
(n)li. ^S!lnT-®m (mttl~I) Sg®^'<yX®i' 
>yX^a$Rb, XB(n)«> ^S!lnT-Om#gffliJ'<yX 

®-y->x;Hi*SbTt>.2). S/t. (i3)i5;xtt(i 
4) i!;k:*jlts$g|P2lix i*u~I^cov^TT•$s. 
[0 0 6 5 ] 

e 3(n)/ (SXHn) • Xi(n)) 

a = a 1 

a = a 2 -(13) 



(2Xi(D-d) • Xi(n-d)) 



(14 



s) . ^x'yxy-r v^^si 8{c¥^sx3-aMff 

^e3(D)i:bT> y-fX^^ + V-t^ 1 9®tlj*ffl^e 
2(n). Xli, >''rX+-\'>-b7 1 9'N®A:^{i^e 1 
(n)*jiJ?tSfc«tC. -eOjSlRrtgCfSbTx (1 
3) ^Xtt (1 4) it;®V>-rtl4iiffltS!!Pt.X7'<yX 
y-<>*4Sl 8{Cj|/T^tSt.®T-*S. 



Otti»f.x3-|i^*aAC0M*«», J-iX^ 

1 9(Dih^m^e ZMtJ-iX^^r-y^y 1 
9'^fflA:/Je^e l(D)CDit)!P6>'rXK?*aNCAN 

[0 0 6 8] SSfSIISJ?g|2 0li, y-fXilJ?* 
SNCANC i:^«)S»6tlTV^.5Hil(: i:41fcS-rs 
ilftlCs x3-K}4gAC0Mti;4{)S»?)*VTV>5H 

[00 6 9] (1) NCANC<C, ACOM^ 

re^StcDSSftcffll^axn-aHtSffle 3 (n)i: LTji 
lRLT;^7''y7'y-f >«4i§l 8t4;t5i:^^»c:. (l 
3) ^t'cieoT. ^'•y7'^a*5ffr3Ci:$li^r 
5. 

[00 7 0] ^cfc, Cffli:§t:tt. SSIfailjl«?S2 0 

tt. ^-rx^rw-b^ 1 9t^^uTlSf^4«lf^^^T^c:i: 

1 t•'hO^■hi&^e I(n)40TNL!5:V\;^'(' ';/5=-S^>-?- 
^iCilT-y-f X:^rV>-b7 1 gSiidJLTD/A^tegg 

[00 7 1] (2) ACOM<A®i:§»ctt (NCAN 
C<f T-*5i:§*.. NCANC^Sffe3i:$t^ 
tf) . SifrSJIjS«?gS2 0I±. SmMlffig#3!)«^$V>t 
«)tx3-j$^©K»4SA«'h? < ^J:oT^^^ i: L 
Tv V-rX+i'>-b7 1 9®ai:tf{i^e 2(n)?£±T® 
Xfi^»© S«f l: ffl I ^ S X 3 -SMtSS e 3 ( n ) i: L 
Tii«? LT Xt^ V Xy -r 1 8 5 

(14) iCfce*oT. ^«yX{S»SS«fr5c:i:4lts^ 

[0 0 7 2] ±ii£Lfe (14) SC;ICt}^,^T^ ±X<Ot> v 
^ 2 ffl ;^ X .y X-y > a 2 SigffltS i 0 «C LT l^ 5 ® 

ffle 3(n)<S:^'-yX0^»lcgK$-a-5JK^l,N*/b^f <}f 
^ X. 5 § T- ^ -5 A> T- 5 o 
[00 7 3] (3) NCANC^S^ ACOM^ 

±jdiUt (1) (Dt^t (2) ®i:§®«fBJSSti^'5: 

lf*T-® lS§*>6M#iffl^ •yXJKaoSfrfflwfi^ 
i:LT< ^-rX+i'^-bT 1 9'N®A:^fl^e l(n)* 
^ -y X^ga0MSf^cffl^^^x3-a^f|Se 3 (n)t L 
T;aiRLTX7^-yXy-f>«4gl 8K:4;t> (13) 



t> M+ isa6>f,isi®^'.);X{^aogsfffl®fit 

i:UT^ >''('X+i'>-b7 1 9®ai:'3l^e 2(n)?&i' 
•yX^g»©ssft:ffl^^^xa-g^Sf9Se 3(n)i: UT 
SlRLTXx>yXy-f >«4gl 8IC4^S. (14) 

[0 0 7 4] i®httc (13) sc*iiffl-ra« 

^©xx-yxy-f ^i©;^x>vxy'r>a itca 
[0 0 7 5] Mffssiis?gs 2 0 v^rftwaa^- 

K*»SLfe®^Tfe-D-rt, ^l®Xx>yXy'i'>a 
1 <£SS? t fc t § fcltti' ^{^^©^gfttjR^jgg tfi 

Jix M2©;^x<yX'yY>a2$ji5?Lfei:§lctt^'-y 

X{^a0S»ftti8l#®^S5S»ttC< <«S. -fSt) 
c:®x3-:^-^>-b7 2 Hi. iSailff4C-r<*x. 

x3-Kf4^{$©8infe*®i:^S, 
[0 0 7 6] W±OJ:a*«ti6*Wri&«lfiS5 

^*>?>*c5^ 1 ®|^iSffjJ§©x3-:i^i. 

[0 0 7 7] S/iJg^ 1 *^i-LTA/»S;Jvfc'>tlRlt-aS 
!i*^?.©S««^li. A/D^^S2fcJ;oT. T^-fi^ 
i';i'ffl^X(n)tc^»$nTx3-i<^V>-b7 2 ISO^ 
D/AS:}ftg|3»c4^f,n-5. cox^ i/-^;u§firi^ 
X(n)l*. D/ASJ{6iS3t<toTx 
ife$nTXt;-*4t4x.f)ix, xtr-*4*»?)^tai 

[0 0 7 8] Xt^-*4A>f>^#dl:^^nfe##®-g« 
ttx gi!l*rt^®SSig8S (x3-yt;^) $*iTx3- 
Yfc«C-DTTl'i7D*>5{CSlJ]iL, V-ri7D;^>5|c 

[0 0 7 9 ] V-r^o*>5A»?.®fi^l±. A/D^» 

SSJctoT, T^-r ■:^^';Wi^Y(n)icg:»$nTx3 

-=(r-f>-i:72 WZXtl^n, x3-:^v>-b72 1 

x-f •>'i';b§fi«^X(n)SV-e®fctf®i$'>;/X^^ 
»A'?>ffJfi)cLfegE{Mx3-fi^Y' (n)3!)S«^dnT, 
A/D Sjftgg 6 6 di;^ ^ ntS^ Y (n) tC^S nx ^^ 
Sxzi-fig^AJ^S$tV5. 
[0 0 8 0] C®x3-fig^K!i^®ffl^e l(n)<±, 

^-rx^^r+^-fe^ 1 9»c-^^6n. y-rx^^ri-v-b^ 1 

9IC<J;-pT, x3-:^-».>-b7 2 lT-|S^iTt)5:3!i»o/i 
i?Jaai§i6Xi^N(n)A«lt^ife^ix, C®l6^4JS©iXfi{if 
e 2(n)*SD/A^jftS8tJ;oTs 7':>-Q^r{i%{c^ 

ift^nr, iis/iffl^ 9/)>f>3ttiPii-5S5iacin]itTm:^? 

[00 8 1 ] x3-:lr-\'>-b7 2 l®]a{S7'r;i/^ 1 0 
^c^5t,^Ttt, »:®<i:dlc:LT. ^fttxn-fl^Y' (n) 

[0 0 8 2] A/D^}ftS2<P6®S{i«^X(n)tt. 



- 8 - 



V- 



^e>nT. A/D^jftg§6i>e.a3:^$nfcM#Y(D)t 

[0 0 8 31 ftt. i'>^/;^^-'^'ttSi^ctJv^Tll^T^ 
n53[;t>7'f 1 oo^"y7'fi^aoi!ffi!)ffc-Dv\7: 

[0 0 8 41 >''f X>'t7-ltS[Sl 5ttt. xn-JT*, 
mLKiMn^7(Dtiitim^ (y-<X+-V>-lr7 1 S'sO 

SlStioTx >''fX>'t7-t»ffiNp(J)*s|fS[$ 

^coy-f X/t7-t»«INp(J)^«Sg(iJ;?);«c§V^ 
t § t C CD ^' Xy < 9 -tilfi N p ( n ) X r 'y Xy 'T > 

[ 0 0 8 5 1 mmmtm^ 1 7 ta. osau 
(Dm9Li&nimnmi7\zii^x. y-cx/t^-itsgg 

1 5A>?)CDy'rX/'l7-tiiaNp(J)5;<x'yXf > 
W!)§i*'J^ill 6lc^x.e)i^■r^^Si:§t:. S^";/X 
(iD)cD^Mtt a h 1 (d)* XJi#*sei^:!?* e, 
m (mli 1 ~ I ) fi■roffl^,^fe I llffl^ff ffl a v a h 1 
( 1 )~ a V a h 1 ( I )*iiti£$ ;^ 7^ X^^'-f >«J ») ^ 

[0 0 8 6] ;^7'>>xy-<>«)t)^x*iJ^si etctsiN 

CiX'5>tSfflNp(J)5Vavah l(0)~avah 1 
t,>A5;»c >y X^atii®^' -y X{5iSCD^^M*s|fSt^F 

nx. •/•xy-r >^<tg§ i 8 (c4^ 

[0 0 8 7] -yj. MSf«^jHRiS2 OJCtt, f'^i^^' 
>i'Sfifi^x(n). y-fX^-^'^-t^ 1 9©m;'3fi^e 
2(n). SVs y-f X:1r^>-fe7 1 9'NfflA:t;fif-e 1 
(n)*SA;^$nTfc»). SSf^HSlRS 2 0 tc J: -^T. 
X n -iiifea A C 0 MS Vy XKfSa N C A N C <)S|t 

SE^rnt^. x^-sssiSACOMsi/y-rxi^^SN 

[0 0 8 8] -^LT, *l^tfig^O#'>®ii3J«iie^A5 
'J>«:^^i:^^•5iem®^:§^cli. SSrSMaiRS 2 0 Jet 
/'-fX+'^V-b^ 1 9'sOA:^f§^e l(n)AsS 

j?^fnT;^T>yx^;'^'>^4g8i 8t4^e.n*. 

[00 8 9] Z<Dt^. Xx-yX^-r >l!4Sl StCi 
oT^ «^i'-yX12SM$T-OSi'<yXj®i'<yXfiga 
»c-3V>Ttt. fiAS:^§v>^lo;^r>yXy'f>a Itfa 
fflsnx. s«fi^if>x;i/XD(D)svy-<x^-\'>-b 

7 1 9'v©A*fi^e l(n)*WfflLfc^'<yX«ga©M 



I^W^l 1-4 2 



(Dfy X^acooTJix fiiS'h^t 2 OXt^ -y xy 
-1'>o2isjgffl$nT, SH^-tJ->X;i/Xj(n)SVy 

'jrm(Dmsiss,mmn$ix?> ( (i s) sc#m) . 

[0 0 9 0] tJiUs Z(DtnUi. mmStR^2 0 
tioT. ^'f X^rv>-tr7 1 9 3!(S*jajk:^t6t'&:l,Nj; 

[0 0 9 1 1 ^mmmof^'pomf^^ifif' 

^^t^^9iK*oi:§^c(i. SSraJljllRgS2 Otio 
T, y-fX^^^^-fev 1 90tb:^fl^e 2(n)AJaiR$ 
tlTXr'yXy-fV^SSl 8k:4xt)iXSo 
[0 0 9 2] c:©i:§. Xx'yXy-rv^^SIl 8JCi 

■3t:> ±To^•yx©^'>yxfig^s»c•D^^■r^ 

S2©;<7'>yXy-r >a2 3!)S®ffl#nT, y-fX^^l'V 

•fe7 1 9®«asaji4#«$ntsfi{i^it>x;uxni 

(n-d)SV>''rX+-<'>-fe7 1 9©tti;^<i^e 2(n)*|iJ 
ffltfe^>yX«fS©Hffffla*s||ff?n5 ( (14) St 

[0 0 9 3 ] #mMtfi£^©#'J^®fJBfie^As 
'fKi:^^9ie^©i:tk:(i, gWfa^jilRi8 2 0lcj:o 
T, ^^i^'yXiSgMi-^rOS^'yXmO^'yX^a© 

>yXm©^<yX«ga®SSrffli:LT. /-i'X:^i'>-fe7 
1 9 ©a3;^<i^ e 2 (n)ASiiJR^fn-r XT-yXy-r 
4S1 8t:4^?,ii5. 

[0 0 9 4 ] ZOt^. T.'ryyf^ >«4S 1 8C,t 
^l^^'>yXliiaM$T-©S^J'<yXj©^'>yX«Ka 
^c•:)^,^Ttt, fi)!)5:*c§l^?B l®;^x>yXy-Y >a 1 dsjS 
ffl^nXx Sfifi^-9->X;uXm(n)5Vy'<X^r-\'>-b 
7 1 9'N©A;^fi^e 1 (n)%|iJfflLfc^' >y X^a©M 
SfJaaAJI^ff^n, Jtl!^i'>yX<iigMWIi^®S^'<yXm 
©^'•yXfgajCoiiTtt, (iAS'h*l^^2®X7^>yXy 
>a 2*«j8iffl$nT> y'f X+v>-b7 1 9®jaSii 
S ntSfifi^i^- > XJl/ Xn(D-d)St;f y -< X=<^ 

1 9®a*fi^e 2(n)*|iJfflUfe^'<yX«g» 

(omn&mt^nn^ni) ( (i 3) ^str (i 4) jC# 
m) . 

[0 0 9 5] C0«t7HftSSf^Fixfe^>yX^aa. 
^iSi/i>'x^' 1 it:4if)*iTSISfS$na. 

[0 0 9 6] JU±0J:3k:. ^ 1 ®^MJSlOx3-+ 
v>-b7SS{CJ;*iii. #l^tfiE^®»®S:»:&<S 
Ita^' >y X«ai:SlM#fig^©Kg^&/jN$ < glts^? 
«yX«gai:®«lf^>y X<jig*«^ilSL.' c:©«lilliiSm{c 
(BbT, Xx>yXy>>4«?)§x.T^>yX«^a*5Sf 

^#fiS^®«aitw«:ttg*if»cKsssita 3 tu < . 

^ 'y X«^ai£jg«j»clSf t S c i: § 5. 
[00 9 7] ttz. ll©llifiJBSI©x3-=\r-<'>-tr7 



10 0 9 8] -ecDi^S. ^ l®IIJ6iBSg(Dx3-:^-v> 

[009 9] (B) tnzainmrnm 

* <E b * AS A, 1? if r a o 
[0 10 0] zzr\ 04Asc:®^2fflSliS}gfficDi3 

[0 10 1] z<Dm2(D^mmmit. j®jt.7'f;u^' i o 

ffl^' u/T-fiSacMSffflfiSAs^ 1 ffl*fliJf5<ii:M«:oTV\ 
a, C®S2®SIJti;Kffl(i, 04 24150 103 lt^]!>»^)W 
HD(n+l) = Hin(n) 
+ a • Xin(n-d) • e 2(n)/ 
flUx l^m^M©i:t 

M+ 1 ^xa^KDt^ 

li, ^ l©S51ifitfJ.^i:|5M*T-i&503T-. -^-cDlttiflttgBS 

■fa. 

[0 10 5] ^.2,(05gfffiff*filtJ:oT-fe. ??gj(iaffi£:a- 
< Sits T-^Sat®^!!^^ >y rfiiS* fi^ffi 

T-^^-f w ») ^xT^ <y T-^a^EMSf rs J; a tc L t 

[0 10 6] c:tUCj!iD;tT^ ^ 2 0||JSff*ffi»C 
MfrSMji«?S2 OAs^ST-feSOTv aSxa-r^rV 

*s-C-t5o ZZX\ >''rX^i'>-b7 1 9©fflaiijiA5 

[0 10 7] (c) f^so^mmm 

[0 10 8] Cdt. E5Asc:®|g3®S^ffiff5Sifflx3 
-:<^-V >-b 7Sg®±tt:fi|^*S^-r T'n -y i^0T-S) ») , 

Hn(n+l) = HiD(n) + a • Xia(n) 
fflb, l^mgM®i;# 

M+ 1 gmglOtt 
W±®<k 3 !6i:^Sfij?V>;feS 3 ®SIJEffJS§®«!fig>5VS!if^ 



ji«?S2 0A«srite>nTj3f.r> y-rx+i'V-b^ 1 9 

©ai^fi^e 2(D)*««fipi?<y7'fiSaoMffffl®x3- 
aUtS^i t U T 7 r >y 7-y -f >«S S 1 8 1 4 ^ f) 

[0 10 2] tut)t>. zm2(Dnmmwix-it. 
m^^^of^'pi^m LT^ -y xfi^afflniifsitsw o 

•> 7{gai:^g«i=^^®^S*/h^ < §lt-5^' 
•y7-fi^ah®^^^«yri5g*8^aiU, iJ' ^vXtii-p 
T, Sfflf S:^x>y7'y'r>®W'}§x.T^'y7'gSaS: 
SSf f S J; o tc * ^ liT i> -5 . 
[0 10 3] Z®m2ffl^itefl5SifflX7^'y7''iF''ri'^4 
8S1 8A«. |^ff1-S^'«yr«ga®SSf2Cli. (15) it 

■cmtztifir-^io 

[0 104] 



(2Xi(n-d) • Xi(n-d)) . 
a = a I 

a = a2 - (1 5) 

±if Lfc!j5 i®5?iffijfiS§t:^s0i tro(6i-, ihf/SM^ 

tc li p] - ^ ^ f 5f L T /T^ b T V ^ -5 , 

[0 10 9] c:ffl^3®siifiJBS§ii, jajs^-f 1 0 

^ccTk^S. CfflS3®||ifiJBSUi, y-f X + l-V-b^ 
1 9^:^ix^5:^^x3- + -\'>•fe^SSC*^W^i®fflb 
t«iJT-*»3. 05St/01®lti</p?)W^3!)>)a:<t-5t. 
^irol^fflJBSIhliP'ioTx y^X^^r>■ky 19& 
VI!Sfaili®«S2 0A«IS:lt6nx*5er. xia-^^r-*- 
>'fe7 2 i!!»»?)®tb;'3fi^e iMtmnf^'frmWiO) 
MSfffl®x3-ailtiSi: bTXx vT-y-r >«^S1 
8{c4x.f)nTt,>5, 

[0 110] ttjit)^. z(D^3<Dnmnmx-ii. 

«l§J5S^®^'J>*«ia} bT^ «y 7*{^a®Sff;^i£* W ») 

It 5 «y a i: w as« t fig^ ® ^ s ^ /h ? < § It s 

>y7'^ai:®«#^'<y7'fig$<i^aib. ^-yT-tJ^o 

iifflr5;^x'y7'y'f >®9Jf)§;i.T^'y7'Sga£ 
5fff5J;3lC)6c^n-n^5. Sfc. <y riia®MSf 
ffl®x3-aiHtSi:bT. fflt,^^n5J:olC!&: 

[0 111] ^®^3®^ffiJBffi®;^x'y7''y'f 
31 1 8 AS. Slfi^ i' «y 7'fi^a®M«fiCI±, ( 1 6 ) 

[0 112] 
■ e l(n)/ (2Xi(n)- Xi(D)) 
a = a I 

a = a2 (1 6) 

lis S 1®?!^^!!^^^!$^^^®^. -eWfiJiWIitBS 



- 10 - 



[0113] ^3©^|fiJgSSlci^Tt. ^aJitfig^ 

T-y -f > $ tu ?) §x T i' y r $ ssf t s J; a t L t 

[0 1 1 4] cnCAo^T. 13tD«aBJB<ilJCJ;ntf. 

fa * jS: t CD i: 1- 5 c i: *s T- # S . 
[0 115] (D) ftil©|iaiff5Si 

[0 116] ±l3S^SfiffJffilciJV>Ttt, 2fl!)S®;^x 

[0 117] ttz. ±.m^nmBm\zii\^x\t. m^y 

v^. tut>*>. fl!i©r;i':? ';XAT-*)oT*, ilsl®i 

[0 118] $f,jc, ±ja&Wi<i§tci3i,>rii. /-c 
x/<7-ifS[s i<6 sv^a^j^tfiit^s 1 7 ifimm 

Mmm^ t T V> * * O «: L t ite^tfiJSS^JCftx. 

[0 1 1 9] ±l3^1®IIJ6fl5Si»C*5(->T 
tt, *^«lfJES»0^'J><cj;oTli^^l:f$nt3lia 

'pi^ii^xiM^^ii^ntzsmmoi^'^y^hSKDwrn 

^X. ^^t^T.T'yT'^^ >ii;0')^Xi>Xo\ZLX 

tta3<&iifflL> tlJI#fig;&A5't3Sli]R®Ji^Clia 
'iRlfa5m^rtltl'immti>Jio'CLX<b!^\,\ 
[0 1 2 0] St. ±i3^1®llifiJf^S§{CtJl^Ttt, » 
mil§fi£;9-®^'J>*3e|ig{C^ltS*)®$^Lfci6s, 2 

<c, ifS^#fig^®^'>®;i3|Bf;^Fi£*. ±i3^l®SIS6 
ff5SSiCl3«®*)®{cffiS$n«tv>. fiaixli, xn-SJjS 
awgaitcy-f X+i'>-b7 1 9®tti:^{i^e 2(n)* 



^S^l 1-4 2 



[ 0 1 2 1 ] ? ±13^ 1 o)mmm\:.ii\^xtA. 
i''yy\z^r>xx7''vyff-<>im*)^i.zctt. «p 

tJ^^}-® ^'J> t .t o T X X X^;* -r > 4 ») §;l S 

»c <t o T X 7^ -y X ^r* 'f > * ») ^ ;i a C i: « 1 1 * 3 J: 
[0 12 2] 

[^^®»S] ^ l®*;»W®x3-:^r>-fe7^gt 
«tnii, #^Ji§fiK^®K§4;«:§<§ltSi'«yXfiRja 
tfiflK§ftE^®^S*/jN$ < SltSi- >y Xfi5ai:®Jg 

i^i- xtas 1 1 xttas^ait-a^tK^i' -y 

(ai^S^efc, »«^Fnfei^lSli'<yXfi2g®B3^T\ 
m^-f ;u^'®^ f X«KIS®M»f»cfflv^5X7^>yXi»'-i' 
V^WO^xaxx-yXy-f >g^s^gi:4«-rs® 

[0 12 3] Sfe, ^2®*^WOx3-+l'>-fe7^ 

giciitii. x3-fi£^K?*^®ai{tft^{cs^v>-r, 

'POfStmiZXnX. jiJt67^;i/i'Oi',>yXeRa©Mlft: 
S X X -y X'T -f > 4 0 S X #'>y X^T- -O^^ 
mti^ti(OX. ^MM#fiE^©ttS»::j;f>T»cji 
J&^-f ;ui'©i'>yXfig|Si£jawtcS»ff§. x:3-K?3t 
«f * - PS i: iSi «> a c i: )!)S T- § S . 
[0124] J*f>»C. !j53©>li«IJJ®x3-^r1'>-t:v 

t s«^j5g^©Ks * < §it 5 i' -y xfi^a 

tomWf y XfiSS: 1 XJiSatfeait-S^g^Si' >y 
X:%l?{iiiy5^^Si:, xa-fig^ii|?s^®i5ifig^jc 
a^^^T. #iait^!E^©#'j><£«i(ijL, i^>p(D&mi 

mi' -y X«|^{aSi*«#efc J; rjTftS^nfc^lIf i' >y 

x<jiattaii:> sfsattfi)c^a«^ai*gtci^T«^ai$ 

nfct«Mtfie^©t^'J;®®pgtlca-:5VNT. iiJt>7-f 
;i'^®^'yX{^a©gffk:fflV>3;^x>yXy'(' ><£^!J?) 
§xSXx<yXy'f>8t^^St<£«-ra©T\ 
#i5g^©tt»lC Ji ?) r»Cigf&7 ^)\>9<D9 >y X«ga$jg 
«0»cSSfT-§. x3-|iJiifel^if?£-pSi:ii5»5ci:iJx- 

(0 1 ] ^ 1 ©SliSJB.l©{8fiE« ^^t■XD >y i'HT-fe 

[0 2] iie3l5©mj5g4Tx-rXD<yi70-c-fe2), 

[03] SBl©»B!S©(^«tg?*faimg2iVX7^>y 

yf^>^^mi.'p\^^oi!^mi:ViL^tz>m^mimx 



[04] m2<Dnmmm(om^iipt:/ti 'J i7^x-& 
a. 

105] m3<Dnmnm(om^^^yt:ru 'J i^rnx-^ 

So 



l-^.SLl'i^T.i'. 12-^g8§P. 

:1rV>-b7, 2 0-S!«ra3l)aiRg}, 2 1 •••x3-:^ri' 
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1 gCeq ^2 
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[03] 




[04] 
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